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Recently, the BESIII Collaboration reported a new measurement of the ηcρ decay mode of Z
(′)
c , which moti-
vated us to study the inner structure of Z
(′)
c via investigating the hidden charm decays of these two Zc states. We
consider the triangle loop mechanism contribution in the hidden charm decays of Z
(′)
c . Our estimations indicate
that the triangle loop mechanism plays an important role in the decays of the Z
(′)
c , where our results are in agree-
ment with the experimental observations in a reasonable parameter range. Furthermore, we point out that the
Z
(′)
c can be interpreted as the hadronic molecules, while the tetraquark scenario is less favored.
PACS numbers: 14.40.Pq, 13.20.Gd, 12.39.Fe
I. INTRODUCTION
In 2013, a new charged charmoniumlike state Zc(3900) in
the π±J/ψ invariant mass spectrum was reported by the BE-
SIII and Belle Collaboration in the e+e− → π+π−J/ψ process
at 4.60 GeV [1, 2]. The statistical significance of Zc(3900)
is more than 8σ and the measured resonance parameters are
m = (3899 ± 3.6 ± 4.9) MeV and Γ = (46 ± 10 ± 20) MeV
[1]. Later, this resonance was confirmed by the CLEO-c in
the same process but at
√
s = 4.17GeV [3], and the neu-
tral partner was also observed for the first time. In the same
year, the BESIII analyzed the e+e− → π+π−hc process just
after the observation of Zc(3900) and they found a similar
charmoniumlike state named Zc(4020)
± in the π±hc invari-
ant mass spectrum [4]. The measured mass and width are
(4022.9±0.8±2.7)MeV and (7.9±2.7±2.6)MeV, respectively,
where the significance is more than 8.9σ[4]. In the process
e+e− → π0π0hc at
√
s = 4.23, 4.26, 4.36GeV, the neutral
Zc(4020)
0 was also observed by the BESIII Collaboration[5]
and therefore, Zc(4020) is an isovector state.
In the open charm process, both Zc(3900) and Zc(4020)
have been observed by the BESIII Collaboration. In 2014,
Zc(3900) was observed in the D¯
∗D invariant mass spectrum
of the e+e− → π±(D¯∗D)∓ process [6]. Performing the partial
wave analysis, the JP quantum number of the Zc(3900) is de-
termined to be 1+ [7]. Similarly, Zc(4020) was observed in the
D∗D¯∗ invariant mass spectrum of the e+e− → π±(D∗D¯)∓ pro-
cess by the BESIII Collaboration [8]. It is interesting to notice
that Zc(4020) is observed only in the D
∗D¯∗ mass spectrum,
while in the D∗D¯ mode, it is not observed. As for Zc(3900), it
can only decay into D∗D¯, because the D∗D¯∗ mode is forbidden
due to the limited phase space.
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Hereafter, we adopt Zc and Z
′
c to refer to Zc(3900) and
Zc(4020), respectively. Comparing to other charmoniumlike
X, Y, Z states, these two charged Zc and Z
′
c are the first
confirmed charged charmoniumlike states and they contain at
least four constituent quarks. Therefore, they are ideal candi-
dates of the tetraquark state. The author in Ref. [9] predicted
a 1++ qcq¯c¯ state around 4.0GeV before the observation of the
two Zc states. Assuming that the Zc is a tetraquark, its mass
can be calculated in Refs. [10–16]. The decays of Zc in the
tetraquark assumptionwere investigated in Refs. [16–19]. The
tetraquark picture was also proposed to explain the Z′c [15, 19–
21].
In addition, it was noticed that the measured masses of Zc
and Z′c locate near the threshold of D
∗D¯ and D∗D¯∗, respec-
tively, which indicates that Zc and Z
′
c could be good can-
didates of hadronic molecules composed of D∗D¯ + h.c and
D∗D¯∗, respectively. Considering the potential caused by the
one-boson exchange processes, the D∗D¯ and D∗D¯∗ molecules
were predicted in Ref. [22]. The authors in Ref. [23] stud-
ied the D∗D¯ interaction and they found a bound state around
3869−3875MeV, which is consistent with the mass of Zc [24].
In Ref. [25], Zc was interpreted as a resonance resulted from
D∗D¯ interaction. In Refs. [12, 19, 26–33], the Z(′)c were con-
sidered as the D∗D¯(∗) molecular states and theirs decays were
investigated. The intermediate meson loops model was also
used to investigate the decays of the Z
(′)
c [34].In addition, the
threshold effects, such as the cusp effect and the initial sin-
gle pion emission mechanism, were proposed as the source of
Z
(′)
c [35–41].
To date, the inner structure of these two charged charmoni-
umlike states has been unknown, and more efforts are neces-
sary to reveal their nature. On the theoretical side, the study
on the decay properties of the Zc and Z
′
c is important. By
comparing the theoretical estimations with the experimental
measured decay properties, the nature of Zc and Z
′
c might be
no longer be ambiguous. In other words, the more decay pro-
cesses are experimentally measured, the more it helps us to
distinguish the nature of Zc and Z
′
c. Therefore, the new mea-
surements of the Z
(′)
c → ηcρ processes from the BESIII Col-
laboration are very useful. The ratios of the partial widths of
2Z
(′)
c → ηcρ and J/ψπ at
√
s = 4.23GeV are measured to be
[42]
R ≡ Γ(Zc → ηcρ)
Γ(Zc → J/ψπ)
= 2.1 ± 0.8, (1)
R′ ≡ Γ(Z
′
c → ηcρ)
Γ(Z′c → hcπ)
< 1.9. (2)
This experimentally measured ratio R(′) could be a good tool
for detecting the inner structure of the Z
(′)
c .
Before the recent measurements of the ηcρ mode of Zc and
Z′c, the BESIII Collaboration had already measured the open
charm decay modes and found that the Z
(′)
c dominantly de-
cays into a pair of charmed mesons[6, 8]. Therefore, the Zc
and Z′c can decay into the hidden charm final states via an in-
termediate charmed meson loop, where the pair of charmed
mesons could connect the hidden charm final states and the
initial Z
(′)
c by exchanging a proper charmed meson. Such a
triangle loop mechanism or meson loop mechanism has been
widely employed to investigate the hidden charm and bottom
decays of higher charmonia and bottomonia [43, 44]. One
may wonder if a study of the decays of Z
(′)
c to hidden charm
mesons, proceeding through intermediate loops of the open
charm meson, is based on the inner structure of the decaying
particle. For instance, can such an investigation help us to dis-
tinguish the nature of Z
(′)
c , whether it is a hadronic molecule
or a tetraquark? It is important to realize that the decay mech-
anism is different for the decay of a hadronic molecule and
for a tetraquark state. In the case of a hadronic molecule, the
Z
(′)
c decays to the hidden charm final states via their charmed
meson components and the loop mechanism is the primary
decay mechanism. As for the tetraquark state, it can directly
decay into the hidden charm state via the rearrangement of
the four constituent quarks, which should be the major con-
tribution to the hidden charm decays compared to the triangle
loop mechanism. Thus, in this sense, the role the triangle loop
mechanism takes in the hidden charm decays of Z
(′)
c could be
used to distinguish the molecular and tetraquark scenarios.
In the present work, the triangle loop mechanism is applied
to estimate the recent measurements of the Z
(′)
c → ηcρ pro-
cesses from the BESIII Collaboration. To directly compare
our results with the experimental measured ratios, we also es-
timate the widths of Zc → J/ψπ and Z′c → hcπ with the same
mechanism. By comparing our estimations with the experi-
mental decay behaviors of Zc and Z
′
c, we can better understand
the nature of these two Zc states.
This work is organized as follows. After the Introduction,
we present the amplitudes of hidden charm decays of Zc and
Z′c in Sec. II, and the numerical results and discussions are
given in Sec. III. Sec. IV is devoted to a short summary.
II. THE HIDDEN CHARM DECAYS OF Zc(3900) AND
Zc(4020)
In the present work, we apply the effective Lagrangian ap-
proach to estimate the hidden charm decays of Z
(′)
c . The ef-
fective Lagrangian describing the Z
(′)
c and D
∗D(∗) interactions
are
LZcD∗D = gZc Zµc (D+D¯∗0µ + D∗+µ D¯0),
LZ′c D∗D∗ = igZ′cǫµναβ∂µZ′cνD∗+α D¯∗0β . (3)
In the heavy quark limit, one can construct the effective La-
grangian of charmonia and charmed meson pair couplings,
which are [45–47]
LψD(∗)D(∗) = −igψDDψµ(∂µDD† −D∂µD†)
+gψD∗Dǫ
µναβ∂µψν(D∗α
↔
∂β D† − D
↔
∂β D∗†α )
+igψD∗D∗ψ
µ(D∗ν
↔
∂ νD∗†µ +D∗µ
↔
∂ νD∗†ν
−D∗ν
↔
∂µ D∗†ν), (4)
LηcD∗D(∗) = −igηcD∗Dηc(D
↔
∂µ D∗†µ +D∗µ
↔
∂µ D†)
−gηcD∗D∗ǫµναβ∂µηD∗ν
↔
∂ αD∗†β, (5)
LhcD∗D(∗) = ghcD∗Dhµc(DD∗†µ +D∗µD†)
+ighcD∗D∗ǫ
µναβ∂µhcνD∗αD∗†β . (6)
Considering the heavy quark limit and chiral symmetry, the
effective Lagrangian related to the light mesons are [48]
LD∗D(∗)P = −igD∗DP(D†∂µPD∗µ − D∗†µ∂µPD)
+
1
2
gD∗D∗Pǫ
µναβD∗†µ ∂νP
↔
∂α D∗β, (7)
LD(∗)D(∗)V = −igDDVD†i
↔
∂ µD j(Vµ)ij − 2 fD∗DVǫµναβ
×(∂µVν)ij(D†i
↔
∂α D∗ jβ −D∗†βi
↔
∂α D j)
+igD∗D∗VD∗†νi
↔
∂ µD∗ jν (Vµ)ij
+4i fD∗D∗VD∗†µi (∂µVν − ∂νVµ)ijD
∗ j
ν , (8)
where the D(∗)†=(D¯(∗)0, D(∗)−, D(∗)−s ) is the charmed meson
triplets. P and V are matrices of pseudoscalar and vector
mesons. Their explicit forms are
P =

π0√
2
+ αη + βη′ π+ K+
π− − π0√
2
+ αη + βη′ K0
K− K¯0 γη + δη′
,
(9)
V =

1√
2
(ρ0 + ω) ρ+ K∗+
ρ− 1√
2
(−ρ0 + ω) K∗0
K∗− K¯∗0 φ
, (10)
where the parameters related to the mixing angle are defined
as
α =
cos θ −
√
2 sin θ√
6
, β =
sin θ +
√
2 cos θ√
6
, (11)
γ =
−2 cos θ −
√
2 sin θ√
6
, δ =
−2 sin θ +
√
2 cos θ√
6
,(12)
and the mixing angle is θ = −19.1◦.
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FIG. 1: Typical diagrams contributing to the processes Zc → J/ψπ
(diagrams (a)-(c)) and ηcρ (diagrams (d)-(f)). The diagrams with
D+D¯∗0 as intermediate states are not presented, which are the same
as those for D∗+D¯0.
With the above effective Lagrangians, we can calculate the
hidden charm decay processes Zc → J/ψπ and Zc → ηcρ.
As for Zc → J/ψπ, the amplitudes corresponding to diagrams
Fig. 1-(a)-(c) are
M1 = (i)3
∫
d4q
(2π)4
[
gZcǫ
φ
Zc
][ − igD∗DP(ipµ3)]
×[ − igψDDǫνψ(−iqν + ip2ν)]−gµφ + p1µp1φ/m
2
D∗
p2
1
− m2
D∗
× 1
p2
2
− m2
D¯
1
q2 − m2
D
F (mD, q2),
M2 = (i)3
∫
d4q
(2π)4
[
gZcǫ
φ
Zc
][1
2
gD∗D∗Pǫµναβ(ip
ν
3)
×(−ipα1 − iqα)
][
gψD∗Dǫ
τ
ψǫητρσ(ip
η
4
)(−ipσ2 + iqσ)
]
×−g
φβ
+ p
φ
1
p
β
1
/m2
D∗
p2
1
− m2
D∗
1
p2
2
− m2
D¯
−gµρ + qµqρ/m2
D∗
q2 − m2
D∗
×F (mD∗ , q2),
M3 = (i)3
∫
d4q
(2π)4
[
gZcǫ
φ
Zc
][ − igD∗DP√
2
(ip
µ
3
)
]
×{igψD∗D∗ǫρψ[gτρ(−iqη + ipη2) − gηρ(−ipτ2 + iqτ)
−gτη(−iqρ + ip2ρ)
]} 1
p2
1
− m2
D¯
−gφτ + p2φp2τ/m2D∗
p2
2
− m2
D∗
−gηµ + qηqµ/m2D∗
q2 − m2
D∗
F (mD∗ , q2), (13)
where a form factor F is introduced to reflect the off-shell
effect and to make the amplitude convergent in the ultraviolet
region. The estimates in Ref. [49] indicate that the results are
weakly dependent on the explicit form of the form factors. In
the present work, we use the form factor of
F (m, q2) =
(
m2 − Λ2
q2 − Λ2
)3
, (14)
where the Λ is reparameterized as Λ = mE +αΛQCD, mE is the
mass of the exchanged meson, and ΛQCD = 0.220GeV. The
details about the form factor will be discussed in the Sect. III.
The total amplitude of Zc → J/ψπ is
MtotZc→J/ψπ = 2(M1 +M2 +M3), (15)
where the factor 2 comes from the processes in which D+D¯∗0
is the intermediate states. The partial width of the process
Zc → J/ψπ reads,
Γ(Zc → J/ψπ) =
1
3
1
8π
|~p|
m2
Zc
|Mtot
Zc→J/ψπ|
2, (16)
where the overline is the sum over the polarization of J/ψ.
As for the process Zc → ηcρ, the amplitudes corresponding
to Fig. 1-(d)-(f) read
M4 = (i)3
∫
d4q
(2π)4
[
gZ′cǫ
φ
Zc
][
igD∗D∗Vǫ
τ
ρg
ρη(−ipτ1 − iqτ)
+ 4i fD∗D∗Vǫ
τ
ρ(−ipη3gτρ + ip
ρ
3
gτη)
]
×[ − igηcD∗D(−ip2µ + iqµ)]−gηφ + p1ηp1φ/m
2
D∗
p2
1
− m2
D∗
× 1
p2
2
− m2
D¯
−gµρ + qµqρ/m2D∗
q2 − m2
D∗
F (mD∗ , q2),
M5 = (i)3
∫
d4q
(2π)4
[
gZ′cǫ
φ
Zc
][ − igDDV (iqτ + ip1τ)ǫτρ]
×[ − igηcD∗D(−iqν + ipν2)] 1
p2
1
− m2
D
×−gνφ + p2νp2φ/m
2
D∗
p2
2
− m2
D∗
1
q2 − m2
D
F (mD, q2),
M6 = (i)3
∫
d4q
(2π)4
[
gZ′cǫ
φ
Zc
][ − 2 fD∗DVǫµταβ(ipµ3)ǫτρ
×(iqα + ipα1 )
][ − gηcD∗D∗ǫηνψσ(ip4η)
×(−iqψ + ip2ψ)
] 1
p2
1
− m2
D¯
−gνφ + p2νp2φ/m2D∗
p2
2
− m2
D∗
×
−gβσ + qσqβ/m2D¯∗
q2 − m2
D¯∗
F (mD¯∗ , q2), (17)
and the total amplitude for process Zc → ηcρ is
MtotZc→ηcρ = 2(M4 +M5 +M6). (18)
Different from π, ρ meson has a large width. Thus, when
we estimate the partial width of Zc → ηcρ, the effect of the ρ
meson width should be included. The partial width of Zc →
ηcρ reads
ΓZc→ηcρ =
1
Wρ
(mZc−mηc )2∫
(2mπ)2
ds f (s,mρ, Γρ)
× |~p|
24πm2
Zc
|Mtot
Zc→ηcρ(mρ →
√
s)|2, (19)
4where Wρ =
∫ (mZc−mηc )2
(2mπ)2
ds f (s,mρ, Γρ). f (s,mρ, Γρ) is a rela-
tivistic form of the Breit-Wigner distribution, which reads
f (s,mρ, Γρ) =
1
π
mρΓρ
(s − m2ρ)2 + m2ρΓ2ρ
, (20)
where mρ = 775MeV and Γρ = 149MeV are the mass and
width of the ρ meson [50].
B. The hidden charm decays of Z′c
The Z′c is first observed in the hcπ channel and the newmea-
surement from BESIII also reported the ratio of partial widths
between ηcρ and hcπ modes. Thus, we estimate these two de-
cay modes of Z′c with triangle loop mechanism in the present
work and the corresponding sketch diagrams of these two
channels are shown in Fig. 2. The amplitudes of Z′c → hcπ
corresponding to Fig. 2-(a)-(b) read
Ma = (i)3
∫
d4q
(2π)4
[
igZ′cǫµναβ(−ipµ0)ǫνZ′c
][ − igD∗DP(ip3φ)]
×[ghcD∗Dǫψhc ]
−gαφ + pα
1
p
φ
1
/m2
D∗
p2
1
− m2
D∗
×
−gβψ + pβ2p2ψ/m2D¯∗
p2
2
− m2
D¯∗
1
q2 − m2
D
F (mD, q2),
Mb = (i)3
∫
d4q
(2π)4
[
igZ′cǫµναβ(−ipµ0)ǫνZ′c
][1
2
gD∗D∗Pǫητρσ
×(ipτ3)(−ipρ1 − iqρ)
][
ighcD∗D∗ǫψφδγ(ip
ψ
4
)ǫ
φ
hc
]
×−g
σα
+ pσ
1
pα
1
/m2
D∗
p2
1
− m2
D∗
−gβγ + pβ
2
p
γ
2
/m2
D¯∗
p2
2
− m2
D¯∗
×−g
δη
+ qδqη/m2
D∗
q2 − m2
D∗
F (mD∗ , q2). (21)
The amplitudesMc and Md corresponding to Fig. 2-(c)-(d)
are the same asMa andMb, respectively. Therefore, the total
amplitude for the process Z′c → hcπ is
MtotZ′c→hcπ = 2(Ma +Mb). (22)
The amplitudes of Z′c → ηcρ corresponding to Fig. 2-(e)-(f)
are
Me = (i)3
∫
d4q
(2π)4
[
igZ′cǫµναβ(−ipµ0)ǫνZ′c
][ − 2 fD∗DVǫητρσ
×(ipη
3
)ǫτρ(−ipρ1 − iqρ)
][ − igηcD∗D(−ipφ2 + iqφ)]
×−g
σα
+ pσ
1
pα
1
/m2
D∗
p2
1
− m2
D∗
−gβφ + p2φpβ2/m2D¯∗
p2
2
− m2
D¯∗
× 1
q2 − m2
D
F (mD, q2),
M f = (i)3
∫
d4q
(2π)4
[
igZ′cǫµναβ(−ipµ0)ǫνZ′c
]
igD∗D∗Vǫ
τ
ρg
ση
×(−ipτ1 − iqτ) + 4i fD∗D∗Vǫτρ(−ipη3gτσ + ipσ3 gτη)
]
[ − gηcD∗D∗ǫλδψφ(−iqλ)(ipφ4)]
×−g
ηα
+ p
η
1
pα
1
/m2
D∗
p2
1
− m2
D∗
−gβψ + pβ
2
p
ψ
2
/m2
D¯∗
p2
2
− m2
D¯∗
×−g
δσ
+ qδqσ/m2
D∗
q2 − m2
D∗
F (mD∗ , q2). (23)
Similar to the case of Z′c → hcπ , the amplitudesMg andMh
corresponding to Fig. 2-(g)-(h) are the same asMe andM f ,
respectively. The total amplitude for the process Z′c → ηcρ is
MtotZ′c→hcπ = 2(Me +M f ). (24)
With the help of Eqs. (16) and (19), one can estimate the
partial widths of Z′c → J/ψπ and Z′c → ηcρ.
III. NUMERICAL RESULTS AND DISCUSSION
To estimate the partial widths of considered processes, the
relevant coupling constants should be fixed. The couplings
between the Z
(′)
c and charmed mesons can be determined by
the experimental measured partial decay width of correspond-
ing open charm modes, which can be obtained by total decay
width and branching fractions of corresponding open charm
modes. However, the experimental measured total decays are
quite inaccurate
Γ
tot
Zc
= 28.2 ± 2.6MeV, (25)
Γ
tot
Z′c
= 13 ± 5MeV. (26)
Here, we apply the center values and the effect of the errors
will be discussed in the later sentences. In addition, we as-
sume that Zc dominantly decays into (D
∗D¯ + H.c.) and J/ψπ.
With the experimental measured ratio R between the widths
of Zc → D∗D¯ and Zc → J/ψπ [6]
Γ(Zc → D¯∗D)
Γ(Zc → J/ψπ)
= 6.2 ± 1.1 ± 2.7. (27)
we can approximately obtain the branching fractions of the
open charm modes. Finally, the coupling constant gZc is de-
termined to be 1.13 GeV with the center values of the ratio in
Eq. (27), while the effect of the errors of the ratio in Eq. (27)
will be discussed in the later sentences.
As for the Z′c, the Born cross sections for e
+e− →
π±(D∗D¯∗)∓ at 4.26 GeV are measured to be 137 ± 9 ± 15 pb
and the fraction from the quasi-two-body cascade decay is [8]
σ(e+e− → π±Zc(4020)∓ → π±(D∗D¯∗)∓)
σ(e+e− → π±(D∗D¯∗)∓)
= 0.65 ± 0.09 ± 0.06. (28)
At the same energy point, the cross section of the quasi-two-
body process e+e− → π±Zc(4020)∓ → π+π−hc is measured to
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FIG. 2: Diagrams contributing to the processes Z′c → hcπ+ and Z′c → ηcρ+.
TABLE I: The relevant masses and coupling constants in the present calculations. In the heavy quark limit , the coupling constants gψD(∗)D(∗)
can be related to the gauge coupling g2 and is determined to be
√
mψ/(2mD fψ) by the VMD model in the process e
−D+ → e−D+[53, 54]. Here,
fψ = 416MeV is the J/ψ decay constant, which is determined by the experimental partial width Γ(J/ψ→ e+e−) = 5.55 keV[50]. As for the P-
wave charmonium and charmed meson interactions, the coupling constants can be related to the gauge coupling g1, where g1 = −
√
mχc0/3/ fχc0
with fχc0 = 0.51 GeV [46]. In the couplings of charmed meson and light meson, the gauge coupling g = 0.55 is determined via the partial
decay width Γ(D∗ → Dπ) [50], and fπ = 132MeV is the pion decay constant. The parameters of couplings related to the light vector mesons
are β = 0.9, λ = 0.56GeV−1, and gV = mρ/ fπ[55, 56].
Meson Z
(′)
c J/ψ ηc hc D
∗+(0) D+(0) π+
Mass(GeV) 3.887(4.024) 3.097 2.984 3.525 2.010(2.007) 1.869(1.864) 0.140
Couplings gψDD gψD∗D gψD∗D∗ gηcD∗D gηcD∗D∗ ghcD∗D ghcD∗D∗
Expressions 2g2
√
mJ/ψmD 2g2
√
mDmD∗/mψ 2g2
√
mψmD∗ 2g2
√
mηc mD∗mD 2g2mD∗/
√
mηc 2g1
√
mhc mDmD∗ 2g1mD∗/
√
mhc
Values 7.41 3.98GeV−1 7.98 7.55 2.63GeV−1 -15.19 GeV -4.47
Couplings gDDV gD∗DV gD∗D∗V fD∗D∗V gD∗DP gD∗D∗P
Expressions βgV/
√
2 λgV/
√
2 βgV/
√
2 λmD∗gV
√
2 2g
√
mD∗mD/ fπ 2g/ fπ
Values 3.71 2.30GeV−1 3.71 4.64 16.1 8.33GeV−1
be [4]
σ(e+e− → π±Zc(4020)∓ → π+π−hc) = 7.4 ± 1.7 ± 2.1 pb.
(29)
Therefore, the ratio between widths of Z′c → D∗D¯∗ and Z′c →
hcπ is estimated
Γ(Z′c → D∗D¯∗)
Γ(Zc → hcπ)
= 12.0 ± 3.68 ± 3.48. (30)
Similar to the gZc , one can get the coupling constant gZ′c = 5.63
with the center values of the total decay width of Z′c in Eq. (26)
and the ratio in Eq. (30).
The coupling constants of charmonia (light mesons) and
charmed mesons can be related to some gauge coupling con-
stants in the heavy quark limit and chiral symmetry, which
are listed in Table. I. Besides the coupling constants, in the
present calculation there is one more parameter, α, which is
introduced by the form factor. The form factor is adopted to
represent the off-shell effect of the exchanging particle. In
Ref. [51], a monopole-type form factor, (m2 − Λ2)/(q2 − Λ2),
was preferred based on the QCD sum rule calculation. How-
ever, the monopole form is not the unique one. In Ref. [52],
the authors applied two types of form factor, the monopole
and dipole, which is the square of the monopole and they con-
sider the values of α should be in order of a magnitude of 1.
In our previous work[49], we considered some different kinds
of form factors and found that a similar result can be obtained
with different forms of form factor, while the α varies in dif-
ferent form factors. Actually, the value of α can not be deter-
mined from the first principle. Alternatively, it can be fixed
via experimental data.
With the above preparation, we can estimate the partial
widths of the hidden charm decays of Z
(′)
c . In Fig. 3, the
partial width for the process Zc → J/ψπ and the ratio R de-
pending on parameter α are presented. The estimated error of
Γ(Zc → J/ψπ) results from the uncertainty of gZcD∗D, which is
determined by the partial width of Zc → D∗D¯. As mentioned
above, the partial width of Zc → D∗D¯ is estimated by the mea-
sured total decay width of Zc and the ratio in Eq. (27). In the
estimation of the coupling constants, we only consider the er-
ror in Eq. (27), while the error of the total width in Eq. (25)
is not included since this error will not affect the ratio R. The
cyan horizontal band is the experimental partial width of the
Zc → J/ψπ process, which is obtained by the center value of
the total width and the ratio in Eq. (27) with the assumption
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FIG. 3: The partial width for the process Zc → J/ψπ (left panel) and
the ratio R of Eq. (1) (right panel) depend on the model parameter
α. The red curve with gray band in the left is the estimated result in
the present work and the gray band indicates the errors resulted from
the uncertainty of gZcD∗D. The cyan horizontal band in the left is
the partial width extracted from the experimental data. The vertical
band in the right is the α range determined by the partial width of
Zc → J/ψπ.
that Zc dominantly decays into D
∗D¯ + c.c and J/ψπ. In addi-
tion, this experimental information can be used to determine
the value of parameter α in the hidden charm decays of Zc.
By comparing our estimation with the experimental data,
one can find in the range of α = 3.63 ∼ 4.75, that the ex-
perimental data can be reproduced. In the same way, we can
estimate the partial width of Zc → ηcρ and the ratio of the
widths of Zc → ηcρ and Zc → J/ψπ. In the right panel of
Fig. 3, we present the α dependence of R. Within the α range
determined by the partial width of Zc → J/ψπ, the ratio is de-
termined to be 0.81−1.17. This ratio is very close to the lower
limit of the preliminary results from the BESIII Collaboration,
which is 2.1 ± 0.8. Our results indicate that the triangle loop
mechanism plays a dominant role in understanding the hidden
charm decays of Zc.
TABLE II: The partial widths of J/ψπ/ηcρ modes and the ratio R for
Zc estimated in different frames [12, 16–19, 30].
Model Ref. Γ(J/ψπ)(MeV) Γ(ηcρ)(MeV) R
Tetraquark
[12] 27.9+6.3−5.0 35.7
+6.3
−5.2 · · ·
[16] 41.9 ± 9.4 65.7 ± 10.6 · · ·
[17] 29.1 ± 8.2 27.5 ± 8.5 · · ·
[18] 25.8 ± 9.6 27.9 ± 20.1 · · ·
[19] · · · · · · 230+330−140
[19] · · · · · · 0.27+0.40−0.17
Molecule
[12] 1.8 ± 0.3 3.2+0.5−0.4 · · ·
[19] · · · · · · 0.046+0.025−0.017
[30] 3.67 0.45 · · ·
Present 1.47−3.71 1.19−4.34 0.81−1.17
For comparison, we also present the partial widths of Zc →
ηcρ/J/ψπ and their ratio estimated from different methods
in Table II [12, 16–19, 30]. As we discussed at the end of
the Introduction, the hidden charm decays of the tetraquark
state should occur dominantly via the quark rearrangement,
and the contributions from the quark rearrangement should be
much larger than the ones from the triangle loop mechanism
although the triangle loop mechanism always exists in both
tetraquark and molecular scenarios. In the present work, the
partial widths of hidden charm decaymodes resulting from the
triangle loop mechanism are estimated to be of order of sev-
eral MeV, while in the tetraquark scenario, the hidden charm
decay widths were evaluated in the literatures to be several
tens MeV by using different methods [12, 16–18], which are
at least 1 order of magnitude larger than the ones from the tri-
angle loop mechanism. Such a conclusion is consistent with
our analysis. Furthermore, our estimated partial widths of
ηcρ/J/ψπ and their ratio are comparablewith the experimental
data, which indicates that the triangle loop mechanism plays
a dominant role in understanding the hidden bottom decays of
Zc, and thus the present estimation supports Zc as a molecular
state.
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FIG. 4: The figures for the process Z′c → hcπ and the ratio R′ of
Eq. (2) similar to Fig. 3.
As for Z′c, we take the first observed channel Z
′
c → hcπ as a
scale to determine the α range. The partial width of Z′c → hcπ
depending on α is presented in the left panel of Fig. 4. Using
the same way to determine the partial widths of Zc, we extract
the partial width of Z′c → hcπ to be (0.72 ∼ 1.63) MeV via
the experimental data [8]. Our estimated result overlaps with
this data in the α range of 2.07 ∼ 2.75. In this determined α
range, the ratio of the partial widths of Z′c → ηcρ and Z′c →
hcπ is estimated to be 0.13 ∼ 0.20, which is safely under the
measured upper limit 1.9 [42]. In other words, the triangle
loop mechanism is also found important in the decays of Z′c.
Similar to the analysis of the hidden charm decays of Zc, we
conclude that Z′c can be interpreted as the hadronic molecule,
while the tetraquark interpretation is less favored. Bedsides,
there are also results from other works, where the author in
Ref. [19] estimated the R′ to be 6.6+56.8−5.8 and 0.010
+0.006
−0.004 in the
tetraquark and molecule models, respectively, which are quite
7different from our estimate in this paper.
IV. SUMMARY
Stimulated by the recent measurements of Z
(′)
c → ηcρ re-
ported by the BESIII Collaboration, we estimated the hidden
charm decay processes and tried to lift the curtain on the Zc
and Z′c. We have noticed that both Zc and Z
′
c dominantly decay
into a pair of charmed mesons, and the charmed meson pair
can transit into a charmonium and a light meson by exchang-
ing a proper charmed meson. Such a triangle loop mechanism
can be used to distinguish the nature of the Zc and Z
′
c.
As for Zc, we have considered the discovered channel
Zc → J/ψπ as a scale to determine the α. In the range
α = 3.63 ∼ 4.75, our estimation is in agreement with the
experimental measured partial width of the Zc → J/ψπ pro-
cess. This experimental decay width is approximately ob-
tained since the experimental branching fractions are absent.
With this determinedα, we have found that the ratio of the par-
tial widths of Zc → ηcρ and Zc → J/ψπ is 0.81 ∼ 1.17, which
is very close to the measured one. As for Z′c, taking the dis-
covered channel Z′c → hcπ as a scale, we have found that our
estimated partial width of Z′c → hcπ can overlap with the ex-
perimental data in the range α = 2.07 ∼ 2.75. In this α range,
the ratio of the partial widths of Z′c → ηcρ and Zc → hcπ is
estimated to be 0.13 ∼ 0.20, which is safely under the upper
limit of the measurement from the BESIII Collaboration.
Our estimations indicate that the triangle loop mechanism
plays an important role in understanding the hidden charm de-
cays of Zc and Z
′
c. Such decay behaviors of Zc and Z
′
c are con-
sistent with the hadronic molecule interpretation for these two
Zc states; thus, the Zc and Z
′
c can be assigned as the hadronic
molecules. We also pointed out that the tetraquark interpre-
tation is less favored, which is supported by the estimation of
the hidden charm partial width in the QCD sum rule [12, 16–
18].
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